ABSTRACT: Statistical process control and quality control charts have important applications in the field of microbiological quality control of clean area. Monitoring the environment and the surface samples using contact plates -is critical to verify microbiological cleaning efficacy of the surface and to understand the behavior of the operation. In the current study, RODAC ™ (Replicate Organism Detection and Counting) plates were used to sample surfaces in production rooms for semisolid and liquid products in a course of two years and overall performance was assessed using I-MR chart and data were subjected to analysis. The throughput yield (TPY) was 0.999993 and the overall process capability was acceptable (Ppk was 1.45). The used methodology in microbiological quality control is simple, fast and not expensive, which provides insight for the evaluation of the process efficiency and highlights the limiting factors and the drawbacks that affect the performance.
INTRODUCTION
Monitoring the environment for microorganisms is important in achieving product with compendial requirements. 1 Regulatory authorities recommend the monitoring of all manufacturing areas to control viable and nonviable particles. Where aseptic operations are performed, monitoring should be frequent, using a variety of methods including contact plates (for work surfaces and personnel monitoring), especially before and after critical operations. 2 The results should be reviewed and assessed prior to product release. It is important to analyze trends, set appropriate alert and action limits for the monitoring results, and where these limits are exceeded, establish a plan of corrective measures. Surface sampling will indicate the effectiveness of cleaning and disinfection policies. The current study is aimed to investigate a methodology for quick and continuous monitoring, follow-up, investigation of the microbiological cleaning efficacy of the surfaces in clean area using Shewhart control chart in conjunction with other tools using commercially available statistical software package.
MATERIALS AND METHODS
Surface samples using contact plates were taken from pharmaceutical manufacturing plant (liquid oral products and semisolid medicinal drugs: creams, ointments and suppositories area) using methods and limits described by Eissa, 2014 . 4 The total number was 94 different surface samples from class C. All the nutrient media and chemicals were purchased from OXOID (Basingstoke, Hampshire) and SigmaAlrich (St. Louis, MO 63103), respectively. All media were sterilized by autoclaving in steam sterilizer ( 2 ) filled with an appropriate recovery medium (supplemented with Tween 80 and lecithin). 5 All statistical analysis and six sigma tools along with their criteria were used as detailed by Eissa et al., 2015. 6 Culture media used in surface monitoring were subjected to growth promotion tests according to the methods and specifications by USP 2015 and passed the acceptance criteria. 7 Microbial enumeration was performed using digital colony counter (Digital Colony Counter Model: 361, Laxman Mahtre Rd. Navagaon, Dahisar West, Mumbai).
Illustrations of generated data and calculations were performed using Microsoft Office Excel 2007. Pareto charts were constructed using Minitab ® v17.1.0. GraphPad Prism v6.01 for windows was used for statistical analysis.
RESULTS AND DISCUSSION
Substantial improvements in the microbial quality of manufactured products have been observed in the last decades. Despite these improvements, outbreaks of infection continue to be reported from time to time. [8] [9] [10] [11] [12] Microbial contamination has been one of the prime reasons for regulatory product recalls for the recent years with the most frequently detected Gram-negative organisms. 5 Hence, strict microbiological quality control (QC) is required to ensure delivery of safe products to the customers and the surface sampling of the clean rooms is an integral part of environmental monitoring (EM) program. Interpretation of the raw data and trending as illustrated in figures 1 and 2 showed that the microbial surface cleanliness assist to improve during the course of two years of the study with the exception of Liquid Filling Material Airlock (LFML), The average microbial count distribution profile on the surfaces of class C production area for manufacturing of semisolid and liquid medicinal products during a course of two years study. Cumulative data showed that more than 60% of the results were below five CFU/55 mm diameter contact plate while 89% of data were below seven CFU/55 mm diameter contact plate (Generated by Microsoft Office Excel, 2007). Where, the results indicated that the cleaning efficacy was continuously deteriorating in figure 1. Interestingly, it was noted that most excursions in microbial count came from airlocks and corridors where heavy traffic and activities in limited spaces hindered effective sanitization. On the other hand, the histogram of figure 3 for the average results of the surface samples of class C production area revealed that approximately 95% of bioburden was below ten CFU/Plate during the course of the study. Logarithmic transformation -to the base ten -of the raw data was the best approach to approximate normality over the other method. This was observed in (Table 1) in which neither original nor square roottransformed results passed the normality test. The constructed I-MR chart in figure 4 demonstrated that the throughput yield (TPY) was 0.999993 and the overall process capability was acceptable (Ppk was 1.45). Excursion was evident only at the initial phase of qualification after which the process was stable and could be described. Since that microbial specification limit (SL) is in one direction only i.e. concerned with the upper specification limit (USL) only but there is no lower specification limit (LSL), the microbiological interest was diverted to the 
